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The uPD78350 is a product of the 16/8-bit single-chip 
microcomputer 78K/Ii1/1 series. It contains a 16-bit high- 


performance CPU. 


The uPD78350 contains only hardware necessary for operating as an 
ASIC controller so that a unique application system with the ASIC 
connected can be developed. And. since the sum-of-products 

instruction is added to enhance operation functions, the uPD78350 


can be used in many fields as high-speed. simple CPU. 
Features 


° 16-bit internal architecture, 8-bit external data bus 


o High-speed data processing using the pipeline contro! system 


and high-speed operation clock 


Instruction cycle: 160 ns Cinternal clock frequency: 
12.5 MHz) 
° Internal memory: ROM: Not provided 


RAM: 640 bytes 


o An instruction set suited for control applications (uPD78322 
upward compatible) 
Multiply/divide instruction (16 bits x 16 bits, 32 bits + 
16 bits) 
Sum-of-products operation instruction 


Bit manipulation instruction and so on 


o Built-in high-speed interrupt controller 
A 4-level priority can be specified. 
One interrupt processing mode can be selected out of three 
types: vector interrupt function, macro service function, 


and context switching function. 


o Wait contro! for a bus cycle is possible from the external 
device. 


External wait pin 


o 8-bit PWM signal output function: 2 channels 


Application 


o Office automation (OA) field such as for hard disk drive or 


floppy disk drive control 


o Factory automation (FA) field 


Ordering information 


Order code Package Quality grade 


uPD78350GC-3BE 64-pin plastic QFP (14 x 14 mm) Standard 


Please refer to “Quality grade on NEC Semiconductor Devices" 
(Document number !EI-1209) published by NEC Corporation to know 
the specification of quality grade on the devices and its 


recommended applications. 
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POO-PO7: 
P1O-P17: 
P20-P25: 
P30-P37: 
NMI: 
INTPO-INTP3: 
TI: 

PWMO, PWM]: 
WDTO: 

MODEO, MODE1: 
ADO-ADT: 
A8-A15: 
ASTB: 


Port O 

Port | 

Port 2 

Port 3 

Nonmaskable interrupt 
Interrupt from peripherals 
Timer input 

Pulse width modulation output 
Watchdog timer output 
Mode 

Address/data bus 
Address bus 

Address strobe 

Read strobe 

Write strobe 

Clock output 

Wait 

Reset 

Crystal 

Power supply 

Ground 


Internaliy connected 
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Function overview 


Pe 


160 ns (internal clock frequency: 12.5 MHz, 
external clock frequency: 25.0 MHz) 


Number of basic 
instructions 


Minimum instruction 
execution time 


Internal memory . ROM: Not provided 
RAM: 640 bytes 


64K bytes (can externally be extended) 
General register 8 bits x 16 x 8 banks 


Instruction set 


16-bit transfer or arithmetic/logical instruction 
Unsigned multiply/divide instruction 

(16 bits x 16 bits. 32 bits + 16 bits) 

Bit manipulation instruction 

String instruction 

Sum-of-products instruction 


Capture/timer unit 16-bit timers: 3 channels 
16-bit capture registers: 2 


16-bit compare registers: 2 


A 4-level priority can be specified by software. 
One interrupt processing mode can be selected out of 
three types: vector interrupt function. macro service 
function. and context switching function. 


Interrupt function 
Input ports: 6 


1/0 line : 
: 1/0 ports: 


24 
8-bit PWM outputs: 2 channels 
. 64-pin plastic QFP (14 x 14 mm) 
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Watchdog timer function 
Standby function (HALT. STOP) 
External wait pin 


Peripheral 
RAM 
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1. PIN FUNCTIONS 


1.1 Port Pins 


i Pin 
Port O 
POQO-POT 1/0 | 8-bit 1/0 port 
Can be specified as input or output bit by bit. 
Port | 
P10-P1i7 1/0 | 8-bit 1/0 port 
Can be specified as input or output bit by bit. 


Port 2 
6-bit 


input dedicated port 


Port 3 
8-bit 1/0 port 
Can be specified as input or output bit by bit. 


P32-P3T 


1.2 Non-port Pins 


PIN 


Nonmaskable interrupt request input 


INTPO 


INTP1 


External interrupt request input 
INTP2 


INTP3 


External count input to timer 1 (TMI) 


PWM signal output 
Signal output which indicates the occurrence of _ 
a watchdog timer interrupt 


Contro! signal input to set an operation mode. 
Normally. connect the MODEO to Vop and the MODE! 
to Vss- 


jwooe | | 
Muitiplexed address/data bus when an externai Bs, 
memory is expanded 

Ee ee 
petass seo seat www 
Lae Read strobe signal output to the external device a 
we | Write strobe signal output to the external memory = 

: 


WAIT Control signal input to set a bus cycle to the _ 
wait state 


a a 


(to be cont:nuec) 
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(Cont'd) 


Dual-function 
pin 


Function 


| 1 | crystal input pin for system clock oscillation: 
A clock signal provided externally is input to 


Eames dae Pace 
ep |= [rnin neared 
CR 
ae SS Internally connected pin. Leave open. Pe 


1.3 Input/Output Circuits of Each Pin 


Table 1-1 and Figure 1-1] show the input and output circuits 


of each pin in a simplified format. 


Table 1-1 Input/Output Circuits of Each Pin 


a a 


es 


Fig. 1-1 Input/Output Circuits of Each Pin 


Schmitt-triggered input with 
hysteresis characteristics 


output 
disable 


Push-pull! output which can output 
high impedance (Both the positive 
and negative channels are off.) 
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1.4 Handting Unused Pins 


Table 1-2 Handling Unused Pins 


To be connected to the Voo or Veg pin 
via a resistor. 
Open 


Input status: To be connected to the Vopo or Ves Pin 
via a resistor. 
Open 


Output status: 


WATT To be connected to the Vop pin. 
a 


ie 
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CPU ARCHITECTURE 
.1 Memory Space 
The uPD78350 can access memory of up to 64K bytes. Figure 
2-1 shows the memory map. 
Fig. 2-1 Memory Map 
Special function 
register FEFFH 
(256 x 8) General-purpose 
he register 
FESOH (128 x 8) 
a hand FE2BH 
Internal RAM oh a fea 
Data memory (640 x 8) ? rrocn| (36 x 8) 
Data area 
(640 x 8) 
Memory 
space 
(64K x 8) 


OFFFH} CALLF instruction 
entry area 
oon (2048 x 8) | 
O7FFH 
Program area 


CALLT instruction 
table area 
(64 x 8) 


External memory 
(64640 x 8) 


Program memory 
Data memory 


Vector table area 
(64 x 8) 


Remark: Shaded portions indicate internal memory. 


.2 Data Memory Addressing 


Various addressing modes are provided for the uPD78350 to 
improve memory operability or to enable the use of a high- 
level language. Special addressing is applicable, in 
particular, to the space of data memory from FC80H to FFFFH 
according to each function of the special function register 


(SFR) group and general register group. 


Figure 2-2 shows the addressing space of data memory. 


Fig. 2-2 Addressing Space of Data Memory 


FFFFH 
FFIFH 


Special func- 
tion register 
area (SFR) 


SFR addressing 


FFOOH 

FEFFH 
eneral-purpose Register addressing 
register group 

FE8OH ee. eae 


Short direct 
addressing 


FE20H 


FC80H Direct addressing 


Resister indicate addressing 
Based addressing 

Based indirect addressing 
Based indirect addressing 


External! (with displacement) 


memory 


QOO00H 
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Processor Registers 


The uPD78350 contains three processor register groups. 


Contro! registers 


(1) 


(2) 


(3) 


(4) 


Program counter (PC) 


The program counter is a 16-bit register which 
contains the address of the next instruction to be 


executed. 

Program status word (PSW) 

The program status word is a 16-bit register which 
contains the status of the CPU according to the 
instruction execution result. 

Stack pointer (SP) 

The stack pointer is a register which contains the 
first address of the stack area (LIFO type) in 
memory. 


CPU contro! word (CCW) 


The CPU control word is an 8-bit register which is 
related to CPU contro!. 


Fig. 2-3 Control Register Configuration 


des 


PSW 


CCW 


Fig. 2-4 PSW Configuration 


15 8 
T 0 
pS [2 jnss< (ae ie | pv | of ev 
UF: User flag 
RBSO-RBS2: Register bank selection flag 
S: Sign flag (MSB after arithmetic/logical operation) 
Z: Zero flag 
RSS: Register set selection flag 
AC: Auxiliary carry flag 
IE: Interrupt request enable flag 
P/V: Parity/overflow flag 
CY: Carry flag 
Fig. 2-5 CCW Configuration 
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TPF: Table position flag 


General register 


The general register group consists of eight banks (Cone 
bank: 8 words x 16 bits). Figure 2-6 shows general 
register configuration. The general register group is 
mapped into addresses from FE80H to FFEFH. and functions 
as a 16-bit register as well as an 8-bit register (see 
Figure 2-7). The use of this register enables easy 


control of complicated multitask processing. 


ae ee 


Fig. 2-6 General Register 


Bank 7 


Fig. 2-7 Bit Processing for 


8-bit 
processing 
FEFFH 


Special function registers (SFR) 


Configuration 


General Register 


16-bit 
processing 


The special function register group consists of the 


registers for control of the peripheral hardware the 


uPD78350 contains. This register group. is mapped into 


addresses from FFOOH to FFFFH. 


registers enables control! of por 
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The operation of these 


ts, a timer, and PWM unit. 


Table 2-1 Special Function Registers 


Manipulation 
Abbre- Rew | Dit unit At resetting 


rom _[awo i ee 
R/W 

romn_[ene st feet] 

rom [rs sd de fe 


Capture register 00 CTOO 
Undefined 
Capture register Q1 CTO} 
R/W 
Compare register 10 CM10 
Compare register 20 CM20 


fran [Pork onoee renter | A] [ef | 
rain [Pore i note rniater [rw jem[ ete [=] 
ea ele 


FF 30H 


Special function register 
(SFR) name 


Address 


Timer register O 


Timer register | 


Timer register 2 


rm we fete |= 


FF3CH External interrupt mode }NTMO R/W feies 
register O 

FF3DH External interrupt mode INTM1 
register ] 


(to be continued) 
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Table 2-1 Special Function Registers (Cont'd) 


peur eulas.lon 
Abbre- it unit 
ee ii Para abt 


Port 3 mode control 
raat wes | fe [e [=| 


Pe[e [=] om 
de ee 
Ee a Oe 
[rrscn [Pw butter reaveter 1 | Pm 


In- service Priority 

FFaah eae me Tem Tee Le 
Interrupt mode control 

8 Eee CiRca 
Interrupt mask flag 

FFAG pete f-fim 

roa Interrupt mask flag MK Ok) TFH 

P FFADH | register Bas 

FFCOH | Standby control register STBC | - | o | - | 0000 x0008 


: OOH 
Watchdog timer mode 
reat Maite eee ae Loe | 
ea vrenicneuiec. 1) expansion mode 
Froan | Mentstat ne pe fe | = | ov nen | 


em Programmable wait control 
register 
| FFCTH | 


pce ee 
ae Pinney conan aaiated Pinney conan aaiated register | ovic Foto | - | 
FFEIH ae control register Fole |- | 
Ciena control papeN| s “Ficy. | fele |= | 
io a control resister! cuicio | Pele {- | 
pues control register Fete | - | 
puee control Reece ice | 
ee control pete ees 


* Used only when a word is accessed by an instruction with the sfrp operand 


Special function register 
(SFR) name 


Address 


Undefined 


ze 
Ao 
on 


ze 
oe 
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BLOCK FUNCTION 
Bus Control! Unit (BCU) 


The bus control unit (BCU) activates a required bus cycle 
according to the physical address obtained from the 
execution unit (EXU). When the EXU does not issue a bus 
cycle activation request, the BCU generates an address. 
required for prefetching an instruction. The prefetched 


instruction code is fetched into the instruction queue. 
Execution Unit (EXU) 

The execution unit (EXU) controls address calculation, 
arithmetic/togical operations. and data transfer by a 


microprogram. The EXU contains 256-byte main RAM. 


The 256-byte main RAM in the EXU can be accessed at higher 


speed with an instruction than 384-byte peripheral RAM. 
RAM 

The built-in peripheral! RAM consists of 384 bytes. 
Interrupt Controller 

The interrupt controller processes various interrupt 
requests (NMI and INTPO to INTP3) issued from peripheral 
hardware and external device with the vector interrupt, 


macro service, or context switching. 


The interrupt controller also specifies the 4-level 


interrupt priority. 


eae 
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Capture/Timer Unit 


The capture/timer unit consists of the following hardware. 


16-bit timers/counters: 3 channels 
16-bit capture registers: 2 
16-bit compare registers: 2 


The capture/timer unit can output a programmable pulse and 


measure a pulse width and frequency. 

PWM Unit 

The uPD78350 has two channels of 8-bit PWM signal outputs. 
By connecting an external low-pass filter. a PWM output can 
be used as an analog voltage output. 


Watchdog Timer (WDT) 


The 88-bit watchdog timer is built into the CPU to detect a 


Program crash and system error. This microcomputer has the 


WDTO pin to notify the external device that a watchdog timer 


interrupt occurs. 


LS 


3.8 Port 


The following ports having the general port function and 


control pin function are provided. 


Table 3-1 Pin Function 


Genera| 
port External interrupt and 
capture trigger 


8-bit 1/0 PWM signal output 


6-bit input 


4. PERIPHERAL HARDWARE FUNCTIONS 


4.) Port Functions 


4.1.1 Hardware configuration 


As shown in Figure 4-1], three-state bidirectional ports 


are basically used for the ports of the uPD78350. 


A RESET input signal sets each bit of a port mode register 


to 1. specifying the port as an input port. All Port pins 
go into the high-impedance state. A RESET input signal 


makes the contents of the output latch undefined. 
Figure 4-2 shows the port configuration. 


Fig. 4-1 Basic 1/0 Port Configuration 


bus 


Internal 


* PMXn latch: Bit n (n = 0 to 7) of port mode register 
PMX (X = 0, 1, 3) 


Remark: Port 2 is used only for 6-bit input. 


DS 


Fig. 4-2 Port Configuration 


Port 0 Port 2 
Port 1 Port 3 
Functions of the digital !/0 ports 
Table 4-1 lists the ports of the uPD78350. 
Each port allows bit manipulations as well as 8-bit data 


manipulations, thus enabling a wide variety of control. 
Each port functions as a digital port and also functions 


as 1/0 pins for internal hardware. 


Table 4-1] Port Functions and Additional Functions of the Ports 


Port function Additional function 
name 
8-bit 1/0 port. 
Port 0 Specifiable as input —= 
or output bit by bit. 
8-bit 1/0 port. 
Port | Specifiable as input _— es 
or output bit by bit. 
rere 2 | 
res 


4.1.3 Port output check function 


Port used only for 
66-bit input 


External interrupt input, capture trigger 
input. and count pulse input in control mode 


8-bit 1/0 port. 
Specifiable as input 
or output bit by bit. 


PWM signal output in control mode 


The uPD78350 has a function of reading pin state (pin 
access mode) to improve system application reliability in 
port output mode. With this function, output data (output 
latch data) and actual pin state can be checked as 
required. For frequent port state checking. special 
instructions (CHKL and CHKLA) are available. 


Clock Generator 


The clock generator generates and controls an internal 


system clock (CLK) supplied to the CPU. 


The clock generator is configured as shown in Figure 4-3. 


Fig. 4-3 Block Diagram of the Clock Generator * 


Frequency 
divider 


Internal system 


fee 


clock (CLK) 
generator 
X2 
STOP mode 
Remarks 1. Fy: Crystal oscillator frequency 
Fy: External clock frequency 
3. FeLk: Internal system clock frequency 


The system clock generator generates a clock signal with a 
crystal resonator connected to the Xl and X2 pins. The 
system clock generator stops oscillation when the standby 
mode (STOP) is set. 


An external clock can be applied. In this case, a clock 
signal is to be applied to the XI pin. with the inverted 


signal to be applied to the X2 pin. 


Caution: When using an external clock, do not set the STOP 


mode. 
The frequency divider divides system clock generator output 


(Fyy for the crystal oscillator or fy for an external clock) 


by two to produce an internal system clock (foLK) - 


nee: 


Fig. 4-4 External 


(a) Crystal 


A REN SN POR OEE 


Caution: 


Circuitry of the System Clock Generator 


oscillator (b) External clock 
uPD78350 pPD78350 

X1 

X2 


When using the system clock generator, 
in the shaded area (((]) in Figure 4-4 
to the following rules to avoid effects 


stray capacitance: 
Minimize the wiring. 
Never cause the wires to cross other 


lines or run near a line carrying a 


varying current. 


run wires 
according 


such as 


signal 


large 


Cause the grounding point of the capacitor of 


the oscillator circuit to have the same 


potential as Vss- Never connect the 


to a ground pattern carrying a large 


capacitor 


current. 


Never extract a signa! from the oscillator. 


cis 


4.3 Capture/Timer Unit 


The capture/timer unit can output programmable pulses and 


can also measure pulse intervals and frequencies. 


The capture/timer unit mainly consists of three timers and 


four registers. 
4.3.1 Configuration of the capture/timer unit 
The capture/timer unit consists of the hardware components 
listed in Table 4-2. Figure 4-5 shows the configuration 


of the capture/timer unit. 


Table 4-2 Components of the Capture/Timer Unit 


Count clock Register 


16-bit timer 16-bit capture register (CTOO) INTPO 
(TMO) Fork’ 16-bit capture register (CTO!) INTPI 
16-bit timer fork/8 16-bit compare register (CM10) | INTCMIO 

(TM1) Tl pin input : 

16-bit timer foik/4 16-bit compare register (CM20) | INTCM20 a 
(TM2) fei (le 


Remarks 1. fork: Internal system clock 
INTPO,. INTP1: External interrupt 


Compare 
register 
match 
interrupt 


Capture 
trigger 


2 

3 Timer O has an overflow interrupt function. 
4. Timer | is cleared by INTCMIO. 

5 Timer 2 is cleared by INTCM20. 
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Fig. 4-5 Configuration of the Capture/Timer Unit 


fe4,/8 TMO INTOV 
16 


Capture 
INTPO CTOO 


INTP1 CTOl 


feur/8 CLR 
P2S/TI 


16 
CM10 INTCM10 
fern /4 ™2 CLR 
feu/8 
16 


CM20 INTCM20 
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4.3.2 


Function 


(1) 


(2) 


(3) 


(4) 


Timer O (TMO) 
Timer 0 is a 16-bit free-running timer. 


Timer O counts an internal clock. and generates an 
overflow interrupt (CINTOV) when a timer overflow 


occurs. 
Timer 1 (TMI) 


Timer 1! is a 16-bit timer/event counter. Timer 1] can 
count an internal clock or external event applied to 
the Tl pin. 


Timer 1 can be by a match interrupt (INTCMIO) from 


the compare register CMIO. 
Timer 2 (TM2) 


Timer 2 is a 16-bit interval timer. Timer 2 counts 
an internal clock. Timer 2 is cleared by a match 


interrupt CINTCM20) from the compare register CM20. 
16-bit compare registers (CM!IO and CM20) 

A 16-bit compare register compares the contents of 
each timer with the data held in the compare registeé- 
at all times. and generates a match signal when a 


match is found. 


See Table 4-2 for detailed information about the 


‘configuration of the timers and compare registers, 


and the correspondence between the compare registe’. 


and interrupt sources. 


ay 


(5) 


16-bit capture registers (CTOO and CTOl1) 


A 16-bit capture register takes in (captures) the 
contents of timer O when a capture trigger signal 
eccurs. As a capture trigger, an external interrupt 
CINTPO or INTP1) can be used. 


See Table 4-2 for the correspondence between the 


registers and capture triggers. 


The occurrence of a capture trigger also means the 
occurrence of an interrupt. By using a capture 
register. the pulse width and period of an externally 


applied pulses can be easily measured. 
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PWM Unit 


The uPD78350 has two PWM signal outputs of 8-bit resolution. 
By externally connecting a low-pass filter. a PWM output can 
be used as a digital-to-analog conversion output. The PWM 
outputs are most suitable. for example. for a control signal 
for the actuator of a motor. 

Table 4-3 lists PWM signal output repetition Ppoauentes. 
Figure 4-6 shows the configuration of the PWM output 


function. 


Table 4-3 PWM Signal Repetition Frequencies 


2/ fore (0.16 us) ForK/2? (24.4 kHz) 


Remark: The values in parentheses are for foLK = 12.5 MHz. 


BH 


Fig. 4-6 Configuration of the PWM Output Function 


PWMO buffer register 
(8) 


Compare register 
CMPO (8) ALVO 
rt) 
(aes: © Pwmo 
- 


ALV1 
=e 
[oadi =>. © pw 
2, 


TF 


Compare register 
CMP! (8) 


<a: 


PWM! buffer register 
(8) 
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.5 Watchdog Timer (WDT) 


The watchdog timer is a free-running counter with a 
nonmaskable interrupt function designed to prevent crashes 
or deadlocks. A program error can be detected when a 
watchdog timer overflow interrupt (INTWDT) is generated or 
when the watchdog timer output pin (WOTO) goes low. By 
connecting this output to the RESET pin, abnormal . 


application system operation caused by a program error can 


be prevented. 

The watchdog timer detects any program error by hardware. 

So it ensures the detection of crashes and deadlocks for 
restarting the program. The watchdog timer can also be used 
to guarantee a time required for the oscillator to perform 


stable operation when the stop mode is released. 


| WOT configuration 


Figure 4-7 shows the configuration of the watchdog timer. 


Fig. 4-7 Configuration of the Watchdog Timer 


ferx/2 

'. 72" Watchdog timer | Overflow 

- FY (8-bit) 6 aS 
fou./2 


Overflow 


WDT CLR 
‘ WDT STOP 


INTWDT 


Oscillation 
stabilization 
time control 

circuit 
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WOT operation 


The watchdog timer generates an interrupt at specified 
time intervals to detect a program error. So a program 
should be divided into modules so that the processing of 
each module can be completed within the WDT interval. 
Each module should contain an instruction to clear and 
restart the watchdog timer. For this control, the 


* 


watchdog timer mode register (WDM) is used. 


Once the watchdog timer is started after RESET signal 
input, it cannot be stopped with an instruction. This is 
intended to prevent a program error from stopping the 
watchdog timer. Only a RESET input signal can stop the 
watchdog timer. As another means to prevent an error. a 
special instruction is used to write data into the 


watchdog timer. 


When a WDT overflow occurs. the watchdog timer output pin 
(WDTO) allows the low level to be output for the period of 
32 fork. This pin is externally connected with the RESET 
pin. and is used to reset the system automatically when a 


Program error occurs. 


Cautions 1. WDTO is designed to output the low level for 
the period of 32 feLK even after RESET input 


considering its direct connection to the 


2. WOTO may go low for a maximum of 32 Folk 


immediately after power-on. 


Remark: FoLK: Internal system clock (oscillator 


frequency/2) 
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5. INTERRUPT FUNCTION 


The uPO7835 has a powerful interrupt function that can 
handle interrupt requests from the peripheral hardware or 
other external devices. Three interrupt handling modes are 


available: 
Vectored interrupt handling 
Macro service 


Context switching 


With this interrupt function. complex multitask processing 


can be efficientiy performed at high speed. 


Table 5-1 Types of Interrupt Requests and Hand!ing Modes 


Vectored 
Interrupt interrupt 
request handling 


ol ac. eiee Die erenel See we aie airs, 
eee SR ae coe te Se OD 
ie ee ee 
ee es ee eet ee eee 


Handling 
mode 


Context 
switching 


Macro service 


Be. 


5.1 Types of Interrupt Requests 


Wit 


h the uPD78350., four types of interrupt requests are 


used: 


Nonmaskable interrupt 
Maskable interrupt 
Software interrupt S 


Exception trap 


Each type of interrupt request is explained below. 


1) 


(2) 


Nonmaskable interrupt 


The nonmaskable interrupt is a type of interrupt whose 
acceptance cannot be disabled with an instruction. A 
nonmaskable interrupt can be accepted at all times... 

Nonmaskable interrupt requests are classified into the 


following two types: 


NMI pin input (CNMI) 
Watchdog timer output (WDT) 


For a nonmaskable interrupt. vectored interrupt 


handling can be performed. 
Maskable interrupt 


The maskable interrupt is a type of interrupt whose 
acceptance can be masked with a control register. 
Seven interrupt sources are available. For a maskable 
interrupt, one of the following three handling modes 


can be selected: 
Vectored interrupt hand!ting 


Macro service 


Context switching 
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Fig. 5-1 Maskable Interrupt Handling 


Maskable interrupt request 


Suspend handling 
Macro service handling 


Suspend vectored 
interrupt/context 
switching handling 


Context 
switching 


NO 
Vectored interrupt handling 


Vectored interrupt/ 
context switching 
handling 


lf multiple maskable interrupts occur at the same time, 
their priorities are determined according to the 
default priorities. Besides the default priorities, 


four priority !evels can be set by software. 


YO 


(3) 


(4) 


Software interrupt 


The software interrupt request is an interrupt request 
made by executing a CPU break instruction, and can be 
accepted at al! times. For a software interrupt, 
vectored interrupt handling is performed. The 
following two instructions can generate a software 


interrupt: 


BRK: Causes a branch to the address indicated by 
the contents of memory addresses OO3EH and 
OO3FH. 


BRKCS: Causes a branch by context switching 
processing for switching to the register 


bank specified in the instruction. 
Exception trap 


For an exception trap. vectored interrupt handling can 
be performed. An exception trap occurs in the 


following case: 


Invalid op code (TRAP): 
Occurs when an instruction for writing to the 
standby control register and watchdog timer mode 


register is not executed normally. 


aie 


Interrupt Handling Modes 


With the uPD78350. three interrupt handling modes are 


available: 


(1) 


(2) 


(3) 


Vectored interrupt handling 
Macro service 


Context switching 


Vectored interrupt handling 


When an interrupt is accepted, the contents of PC and 
PSW are saved automatically. Then a branch is made to 
the address indicated by the data contained in the 

vector address table to execute the interrupt service 


routine. 
Macro service 


When an interrupt is accepted, CPU execution is 
terminated temporarily to execute the service set by 
firmware. The macro service is performed without CPU 
involvement, so that the CPU statuses such as PC and 
PSW need not be saved or restored. Thus the macro 


service much increases CPU service time. 
Context switching 


When an interrupt is accepted, a specified register 
bank is selected by hardware. Then a branch is made to 
the already selected vector address in the register 
bank, and the current contents of PC and PSW are saved 


in the register bank at the same time. 


e ON ceo, 
_— 


Remark: The context means CPU registers that can be 
accessed from a program being executed. The 
registers include general registers, PC, PSW, 


and SP. 


Table 5-2 lists the interrupt sources. 


Table 5-2 Interrupt Source List 


ee te Vector |uacro | context 
questing table service | switch 
| Name | | trisser | interrupt | address 


Seo a 
mask- 


timer unit 
inteo | iNTPO pin input | pin input external | } ooet | 
- INTP1 INTP] pin input external | | 00a 
Mask- INTCM10 | CM10 match signal | CaPture/ O0OCH Yes Yes 
able timer unit 


oe INTCM20 | CM20 match signal OOOEH 
timer unit 


jinte2 | | INTP2 pin ineut | pin input external | 0010H 


eee 
ware 
| = | erkcs | BRKCS instruction Foe fe 


Excep- TRAP Invalid op code 003CH 
tion trap 
[Reset | | = | Reset RESET input | 0000 | 


* Default priority: Priority used when multiple maskable 


interrupts occur at the same time, with 0 
for the highest priority and 6 for the 


lowest priority 


ce 


5. 
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Macro Service 


The uPD78350 has five types of macro services. Each macro 


service is explained below. 
(1) Counter mode:EVTCNT 
Operation 


(a) This mode increments or decrements the 8-bit 


macro service counter (MSC). 


(b) When the MSC reaches QO, a vectored interrupt 


request occurs. 


Sample application 


This mode can be used as the event counter or 


capture counter. 
(2) Block transfer mode:BLKTRS 


Operation 


(a) This mode transfers a data block between the 
buffer and the SFR pointed to by the SFR 
pointer (SFRP). 


(b) Either an SFR or buffer area can be specified 
as a transfer source or transfer destination. 
In addition, either the byte or word can be 


selected as the length of transfer data. 


YY 


(c) The MSC is used to specify the number of data 


transfers (block size). 


(d) Each time the macro service is executed, the 


MSC is automatically decremented by one. 


(e) When the MSC reaches 0. vectored interrupt 


handling is activated. 


Buffer | 


Internal bus 


Sample application 


This mode can be used to read port data in 


response to an external interrupt request. 


(3) Block transfer mode (with memory pointer) :BLKTRS-P 


Operation 


This mode is the block transfer mode with a memory 
Pointer (MEMP) added. The additional buffer area 


for MEMP can be freely set in memory space. 


Remark: Each time the macro service is executed, 
the MEMP is automatically incremented (by 


one for a byte-data transfer or by two for 


a word-data transfer). 


US 


gop 


Buffer 1 


MSC 


Internal bus 


Sample application 


Same as (2) above 


(4) Data difference mode:DTADIF 


Operation 


(a) 


(ce) 


(d) 


Ce) 


This mode calculates the difference between the 
contents (current value) of the SFR pointed to 
by the SFRP and the contents of the SFR aiready 
held in the last data buffer (LDB). 


The result of calculation is stored in a buffer 


area specified beforehand. 


The current value of the SFR is loaded into the 
LDB. 


The MSC is used to specify the number of data 
transfers (block size). Each time the macro 
service is executed, the MSC is automatically 


decremented by one. 


When the MSC reaches O. vectored interrupt 


handling is activated. 
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Remark: The difference can be calculated only for a 
16-bit SFR. 


2) ee 
Buffer N 


Buffer | 


Difference 
calculation 


Internal bus 


Sample application 


This mode can be used to measure periods or pulse 


widths of the capture/timer unit. 
(5) Data difference mode (with memory pointer) :DTADIF-P 


Operation 


This mode is the data difference mode with a memory 
Pointer (MEMP) added. With this MEMP addition. a 
buffer area for storing difference data can be 


freely set in memory space. 


Remark: A buffer is specified by the result of 
operation on the MEMP and MSC(Note). The 
MEMP is not updated after data transfer. 


Note: MEMP - (MSC x 2) + 2 


ae 


Buffer N 


Buffer 1 


Internal bus 


Sample application 


Same as (4) above 


4B 
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Context Switching 


The context switching is a function that selects a specified 
register bank by hardware when an interrupt occurs or a 
BRKCS instruction is executed, then causes a branch to the 
vector address set beforehand in the register bank and saves 
the current contents of PC and PSW in the register bank at 


the same time. 
Context switching function based on an interrupt request 


The context switching function can be activated when the 
context switching enable register corresponding to each 
maskable interrupt request is set to 1 in the El 


Cinterrupt enable) state. 


Context switching operation based on an interrupt request 


is performed as described below. 


(1) When an interrupt request occurs, a register bank 
subject to context switching is specified from the 
contents of the lower three bits of the row address 


(even address) of the corresponding vector table. 


(2) The vector address set beforehand in the register 
bank subject to context switching is transferred to 
PC. and the contents of PC and PSW present 
immediately before switching operation are saved in 


the register bank. 


(3) A branch is made to the address pointed to by the 


newly set contents of PC. 


ae ae 


£4. 


Exchange 


Fig. 5-2 Context Switching Operation 


Register 
Register bank bank 


(0 to 7) 


Save 


PSW 


Context switching function based on the BRKCS instruction 


The context switching function can be activated with the 
BRKCS instruction. 


Context switching operation based on an interrupt request 


is performed as described below. 


(1) 


(2) 


An 8-bit register is specified in an operand of the 
BRKCS instruction. The contents of the register 
determine uw register bank subject to context 
switching. (Only the low-order three bits of the 


eight bits are used.) 


The vector address set beforehand in the register 


bank subject to context switching is transferred to 


“PC, and the contents of PC and PSW. present 


immediately before switching operation are saved in 


the register bank at the same time. 


=O) 


(3) A branch is made to the address pointed to by the 


newly set contents of PC. 


5.4.3 Return from context switching 


To return from context switching. one of the following two 
instructions is used. The source of context switching 


activation determines which instruction to use. 


Table 5-3 Return from Context Switching 


Return instruction Context switching activation source 
RETCS Activation based on interrupt occurrence 
RETCSB Activation based on BRKCS instruction 


oy 


EXTERNAL DEVICE EXPANSION FUNCTION C] 


The uPD783S50 does not contain ROM. but has extended built-in 


functions to connect external devices. 


Connectable external devices are a general-purpose 


memory and 1/0 device. 


* 


Table 6-1 Pin Functions Assigned when External Devices are J 


Connected 


ce 
ce ce 
a Ce 
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STANDBY FUNCTION 


The uPD78350 has a standby function to reduce power 


consumption of the system. With the standby function, two 


modes are available: 


HALT mode: In this mode, the CPU operation clock is 
stopped. Intermittent operation, when 
combined with the normal operation mode, can 
reduce overall system power consumption. 

STOP mode: In this mode, the oscillator is stopped to 
stop the entire system. 

Since only leakage currents may flow in this 
mode, system power consumption can be 
minimized. 

Each mode is set by software. Figure 7-1 is the transition 


diagram of the standby modes (STOP and HALT modes). 


Fig. 7-1 


Transition Diagram of the Standby Modes 


S3 


RESET FUNCTION 


When the signa! applied to the RESET input pin is low, the 
system is reset, and each hardware component is placed in the 
status indicated in Table 8-1. When the signal applied to 
the RESET input port goes high. the reset status is released, 
and program execution starts. The contents of registers must 


be initialized in the program as required. 


In particular, the number of cycles specified in the 
programmable wait control register must be changed as 


required. 


The RESET input pin contains a noise eliminator based on 


analog delays to prevent abnormal operation due to noise. 


Cautions !. When RESET is active (low level), ail pins 
except WDTO, CLKOUT, Vop- Vgg- Xl. and X2 go 


into the high-impedance state. 


2. When RAM is expanded externally, attach a pull- 
up resistor to the RD pin and WR pin. 
Otherwise, these pins may go into the high- 
impedance state, and the contents of the 


external RAM may be lost or the pins may be 


damaged. 
Fig. 8-1 Acceptance of the RESET Signal 

} 
RESET input ; 
' ‘ t 1 
! ! ' I 1 
' ' : ' \ \ 
‘Analos! |Analos! ‘analogs! 
‘delay deley ' "delay ' 
a a 

Removed Accepts Releases 
as noise€ reset. - reset. 


S¥ 


In reset operation at power-on, a time for stabilized 
operation between power-on to reset acceptance is required as 


shown in Figure 8-2. 


Fig. 8-2 Reset Operation at Power-on 


Veo 


| 
} 
| 
| 
| 
| 
) { 
I I 
| Oscillation | 


bo—stabiliza- ~epe——oi 


I tion time lAnaios! 
delay 


; 
t 
— 
| 
{ 
I 


4 


Releases 
reset. 
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Table 8-1 Hardware Statuses after Reset 


Status after 
reset 


Hardware 


The contents 
of a reset 

vector table 
(QO00H. O001H) 
are set. 


Stack pointer (SP) Undefined 
Program status word (PSW) OOOOH 
CPU control word (CCW) 
RAM Undefined 
Generaji registers (RO-RI5) 
Output latches (PO. Pl, P3) Undefined 
Ports 
OOH 


Mode control register (PMC3) 


Port read contro! register (PRDC) OOH 


Timers (TMO. TM1, TM2) OOH 


Program counter (PC) 


Control 
registers 


Capture/ Timer contro! registers (TMCO. TMC1) OOH 
timer 
unit Capture registers (CTOO. CTQOl1) Undefined 
Compare registers (CMIO. CM20) Undefined 

PWM PWM control register (PWMC) OOH 
output 
function PWM buffer registers (PWMO. PWM!) Undefined 
External Memory expansion mode register (MM) Oxxx xxxxd | 
expansion 
function Programmable wait contro! register (PWC) COAAH 
vena Watchdog timer mode register (WDM) OOH 

mer 


(to be continue:. 
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Table 8-1] Hardware Statuses after Reset (Cont'd) 


Hardware Status after 
reset 


External interrupt mode registers (INTMO. INTMI) 


Interrupt mode control register (IMC) =< 


0000 x000H 


Interrupt 
function 


Interrupt mask flag registers 


Interrupt contro! registers 
(OVIC, PICO. PICl. CMICIQ. CMIC20. PIC2. PIC3) 


In-service priority register (1SPR) 


Standby contro! register (STBC) 


CPU 
control 


Sf" 


9. INSTRUCTION SET 


(1) Operand identifier and description 


Operands are coded in the operand field of each 


instruction as listed in the description column of Table 
9-1. For details of the operand format. refer to the 
relevant assembler specifications. When several coding 


forms are presented, any one of them is selected. 
Uppercase letters and the symbols. +, -, #.,. $., !. and 


{]. are keywords and must be written as they are. 


For immediate data, an appropriate numeric or label must 
be written. The symbols #. $, !, and [] must not be 


omitted when describing labels. 


Table 9-1 Operand Identifier and Description 


RO, Ri. R2, R3. R4. RS. RG. RT RB, RY, RIO. Rii. R12. RZ, Ri4. RIS 
RO. Rl. R2, R3. R4. RS. RE. RT 
c. B 


RPO. RPI. RP2. RP3, RP4, RPS. RP6. RPT 
RPO, RPI. RP2. RP3, RP4. RPS. RP6- RPT 
DE. HL. VP. UP 


Special function register abbreviation (See Table 2-1.) 
Special function register abbreviation (16-bit manipulation 
register. See T-ble 2-1.) 


RPO. RP1. RP2,. RP3. RP4, RPS/PSW. RP6. RPT 
(Can be coded more than once. However. RPS can only be used in a 


PUSH or POP instruction and PSW can only be used in a PUSHU or POPU 
instruction.) 


(to be continued) 
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Table 9-1 Operand Identifier and Description (Cont'd) 


fier 


{DE}. CHL]. (DE+]. (HL+], (DE-), (HL-]. [VP]. (UP]: Register in- 
direct mode 
([DE+A]), [CHL+A), (DE+B]. [HL+B), (VP+DE], (VP+HLI: Based indexed 
mode 
[DE+byte]. (HL+byte]). [VP+byte]. [UP+byte]. [SP+byte]: Based mode 
word(A]. word{B). word{DE]. word [HL]: Indexed mpde 


FE2OH-FFIFH Immediate data or label 
FE20H-FFIEH Immediate data (bit 0 = O, however) or label 
(for 16-bit manipulation) 


saddr 
saddrp 


Saddri6 
laddri6 


OCOOH-FOFFH Immediate data or label: Relative addressing 

OCOOH-FDFFH Immediate data or label: Immediate addressing 

(Data at an address up to FFFFH can be coded in an MOV instruction. 
Data at an address from FEOQH to FEFFH can be coded in an MOVTBLW 
instruction.) 

800H-FFFH Immediate data or label 

40H-7EH Immediate data (bit O = QO, 


addri} 


addr5S however) (x) or label 


16-bit immediate data or label 
8-bit immediate data or label 
3-bit immediate data or label 
3-bit immediate data (0 to 7) 


* Do not attempt to access word data at an odd-numbered 
address (bit 0 = 1). 


Remarks 1. The same register name can be specified in 
re and rpl. but different codes are 
generated. 


2. Functional names (X., A, C. B, E, D. LL. Hz 
AX, BC. DE. HL. VP. and UP) can be 
specified in r. rls rp.» repel. and post. as 
well as absolute names (RO to RIS and RPO 


to RP7). 
35 Immediate addressing is effective for 
entire address spaces. Relative 


addressing is effective for the locations 
within a displacement range of -128 to 
+127 from the starting address of the nex: 
instruction. 


S44 


(2) 


Legend 


- romoenovwd x Y 


RO-R15 


oOo wo Y 
moa x 


HL: 
RPO-RP7: 


IE: 
STBC: 
WOM: 


jdisp8: 


register: 8-bit accumulator 
register 
register 
register 
register 


register 


xrcmonDlUmDUK CUD 


register 


L register 


Register O to register 15 (absolute name) 


Register pair (AX): 16 bit accumulator 


Register pair (BC) 
Register pair (DE) 


Register pair (CHL) 


Register pair 0 to register pair 7 (absolute 


name) 

Program counter 

Stack pointer 

User stack pointer 

Program status word 

Carry fiag 

Auxiliary carry flag 

Zero flag 

Parity/overfiow flag 

Sign flag 

Table position flag 
Register bank selecting flag 
Register set selecting flag 
Interrupt enable flag 
Standby control register 


Watchdog timer mode register 


Signed 8-bit data (displacement value: 


to +127) 


oO 


-128 


(Cd): 


xxH: 


Xue xr 


Contents at an address enclosed in 
parentheses or at an address indicated in a 
register indicated in parentheses. ( +) and 
( -) indicate that an address or the 
contents of a register indicated in 
parentheses are incremented and decremented 
by one after execution of the instruction, 
respectively. 7 
Contents at an address indicated by the 
contents at an address indicated in 
parentheses (( )). 

Hexadecimal number 

High-order 8 bits and low-order 8 bits of 


16-bit register 


(3) Notational symbols in flag operation field 


Table 9-2 


Notational Symbols in Flag Operation Field 


(Blank) 


No change 
Cleared to zero. 
Set to fl. 


Set or reset according to the result. 
P/V flag operates as a parity flag. 
P/V flag operates as an overflow flag. 
Saved values are restored. 


@/ 


Instruc- 
tion set 


Flag i 
Operand Byte Operation 
§ Z AC P/V ——— 


fae fe [reer 

et ee 
Grwame [> leew 
fen ee 
a 
Er oo 
[essa fe [avnee 
Tasrawer [> [aeinmenean | 
Cera Ee Es AT 
fice fe [reed 
[ewes re [mee 
fen [re [eee 
[isssernia [2 | anserea 

feariga | « [eee 


(to be continued) 


- 
@ 
pas 
“n 
ec 
Ls] 
u 
» 
oO 
» 
i] 
=] 
ee) 
oo 
‘ 
© 


x |f STBC or WDM is coded in sfr. a different instruction having 


the different byte count is generated. 


62; 


(Cont'd) 


| rie | 
Operand Byte Operation 
S Z AC P/V CY 


ea eee 
oe eee 
(oa 
fet fs fee dS 
[ateterni [2 [eounaa id 
[esareneer [2 [areeneenean | 
fait [a [oes td 
[esarrteors [4 [trainee | 
fea eee 
a er se 
[eaten [a [oman id 
[stern fe _[oneoma id 
[eats fa lamers id 
[isnearie [4 [ormaerio 
[asin [4 [owoenr 

XCHW 


1» 
Oo ® 
on” 
he 

- ¢ 
"no 
Cc- 
a) 


@o 
— 
2) 
c 
6 
a 
» 
A] 
» 
J 
b=] 
» 
oS 
1 
a0] 


16-bit data transfer 


(to be continued) 
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(Cont'd) 


“ee 


S Js 2 AC P/V cv] AC P/V CY 


Instruc- 
tion set 


me] ont Jol ee 


‘A. tbyte ee iN ae pArcyeAtbyte | 

e+ [or eee 

[siren [4 [etevovestriove pe 

ec = | 
pews [fare — 
fen eee eee 
an Jew ebeee Tere we 
Petcaivee [a [etreneatranewor [ae 
Papa [neers pees 

wor [Away | 2 [aorewensener [ew 
ae 8 a ee 


(saddr), 
saddraseday 2 | hence 


(to be continued) 


operation 


8-bit arithmetic/logical 


oY 


(Cont'd) 


pie 
Operand Byte Operation 
S$ Js 2 ae P/V 07] AC P/V CY 


Teme a [momen 
Sar ae 
Petrie [4 [eteoeentcmee fee a 
a OC 
we [wane |e _[eomnanen [xnav | 
es 
serine | 3 [ttn oeniee nen [oe 
re 8 Co es 
fea [es [omen Do 
ia a neea ey a 
Posen _[ 3 [oti ormintrcaree ne 
premne [a foraematconeor 
Peert of 2 | r,CY¥“—-r-r1l-CY x x Vx 
ra er 
Cra ee oo a 


3 (saddr), 
pace ceseddy, eee : ee: et 


ff [ree tmienn 
[eae fa [rane id 
[etre _[ 3 [onomentanawe [ee 
fe ee es 


(to be contir i: 


Instruc- 
tion set 


operation 


x 
bd 
< 
x 


x 


] 
o 
a 
° 
~~ 
o 
ed 
@ 
E 
<= 
-— 
_ 
0 
eed 
2 
t 
o 


x 
x 
< 
x< 


Os 


tion set 


| 
o 
= 
ho 
~ 
“ 
c 


operation 


Os] 
o 
a 
° 
~ 
o 
Cad 
o 
& 
<= 
bed 
~ 
© 
- 
P) 
! 
co 


XOR 


CMP 


ee eee 
S 


fae fe [eave 
[erates [2 [auenmcnenvers [> 
Terese [4 [atreetrvene 
ea fe lew 
[ater [2 [eravenen 
fate [a [arava 
[earner [2 [Gnanmanan vena [> 
fee fee [aravine ds 


Pad 


x 


< 


(Cont'd) 


Flag 
Z AC P/V CY 
X P 
x P 
x P 
x P 
x P 
x P 
x P 


A. tbyte re A<A-w byte 


Teaeratre [a [teeter [a 
[erraiee [4 [ermine 
fen pa [ren 
ase [ et [maven i 
fasta [eared 
. 
[awe [ea [eave ds 
[sewn [ee [owerneewva +d 
[eave pa [ewe 
[eseraie [2 [owenwe 
[straits [4 [etree 
ie = eed es 
[awe fe [ewan 
feat fa [ete 


“) saddr.saddr ra (saddr)-(saddr) x 


3 
[rena fee Leen 


x “Pp 
x P 
x P 
x P 
x P 
x P 
x P 
x P 


x x ‘ 
xX x 

{ 

| 

x x ‘ : 

ier 

x x 


(to be con 
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(Cont'd) 


pre | 


S Z AC P/V CY 


Instruc- 
tion set 


fs el se 


[caer [2 [acerca 
ee Oe eae 
[steetrors [6 [atrmereatiomert [an av + 

won [oor | [rcrmrert ide 
ied een Ee 


faX.stre | fogs: | aXe LAK.CY-AX#s#re 
c 
2 (saddrp), 
: ec ba cis enttrystent) ican [oe 
4 PAX-tword | PAX-tword | | 3 fax, PAX,CYe-AX-word | word 
°o 


Ere en 
[sereswore | 8 [strncrmetrewere fee 
sow [rete [mere de 
ee te oe ee 


fax.stre | | 3 ax. PAX.CYS-AX-sfrp PAX.CYS-AX-sfrp 
(saddrp), 
LAX,tword | #word | 3 | ax- paxX-word 


16-bit arithmetic/logical 


ene Cc 
fstceweore [8 [etree 
arn [rent |e [owe 


(to be continued) 


O7 | 


(Cont'd) 


| Fie 
Operand Byte Operation 
S$ js zac P/V ev] AC P/V CY 


Instruc- 
tion set 


@ 

2 ee 

no) 

SS AX (high-order 16 bits), 
a » | MULUW rpl rpl (low-order 16 bits) 
ee —AXxrpl 

—- o 

3 a 

=o 


AXDE (quotient), 
AX (high-order 16 bits), 
MULW rpl (low-order 16 bits) 
=AXxrpl 
AXDE~— (B) x (C) +AXDE 
MACW Be-B+2,C<—-C+2,n<—n-1 
End if n=0 or P/V=1 
(addr16+2)~-(addri16), 
n—n-1 
MOVTBLW faddri6.n sddriGseddri1e-2; 
End if n=0 


INC 

ee ee 

EO 
INCW 

fee eee 
DECW 


(to be continued) 


products 
operationjoperation 


Increment/decrement 


Remark: The addressing range of the table shift instruction is 
FEOQOH to FEFFH. 


OS | 


(Cont'd) 


28 
3.UO 

is c Operand Byte Operation 

a” 

ie S$ Z AC P/V CY 


rien (CY, rly<rige rl m—-j<orl Mm) 
x n times 
ROL rien (CY. rigqeerlzerimsy sor lm) 
x n times 
RORC rlen ae 
mele rig? x n times 
ROLC rlon (CY¥<—-rl7-rlo<-Cy, 
rimepeorin? x n times 
rien (C¥“—rlge rl 7enOr rl myer ln) 
x n times 
SHL rien (C¥—rtzerlgeO- rl mejor) 
x n times 
rplen (CY¥<-rplg-rpl;5<-0- 
rela-jeorelm) x n times 
SHLW rpelen (C¥<-rply5,rplq<O, 
rPlmsj“orPl,) x n times 


ina oe 


Remark: n in the shift/rotate instructions indicates the number 


Shift/rotate 


A3-o<-(rpl)3-0- 
(rel) 7-g*-A3-9- 
C(religige(rpl)7—4 


Ag-os~ (rel) 7-4. 
(rpl)3-g*-A3-Q- 
(rel) 7-qe—-(rpl)3-9 


Decimal Adjust Accumulator 


BCD cor- 
rection 


When A7=0, X<-A, A<—00H 
When A7=l. X~-A. A<-FFH 


Data con- 


(to be continvec) 


of shifts or rotations. 


OF 


(Cont'd) 


pete 
Operand Byte Operation 
S Z AC P/V CY 


[areas | o lomawenin | 
Coe CS ae eel 
[vane [2 fone OD 
[ove [* lowxee 
[evesm.ois | @ [emrsy oe 
fvremaans [2 fowraygane 
MOV 1 
Trvervieer [2 [Gaversionw 
[eerenor |e [etree 
oe eek ——— 
Peviver ae [eonmer Od 
Promcener [@ [rome 
Fron.vieer_[# [rewviener dee 
[evesieris | > [omornuwerie | 
[everenie e [ermevavrois i 
[eviawe —[@ [ereevnnne [| 
fevers fa [evrevanne 
few [a _fomenee 
[eveamons a [ormevaroysie | 
fev rawisis [a [omer fe 
fovrsw.is | @ [ermevaryene fo 
fev rmvb a [omer [| 


(to be continued) 


Instruc- 
tion set 


Bit manipulation 


SO 3 


(Cont'd) 


i 

eo Fiag 

#s¢ Operand Byte Operation 

Laie Js 2 ae P/V ov] P/V CY 


cy, saddr.bit bit | 3 [cyecyvisaddr.bity | bit) 


ie a 
foverris [a [omervernnn | | 
fevntroie [2 lomevereer | 
fevacsie [e fomervane | 
fevmwne[e _jomever 
fovancsre [@ [omoresie 
fences fe lemowees 
feviam vie [e_omerveonne | | 
fev rowivis |e lomevenee | 
feveam.ois [a [ormevvesy vis | | 
fevron.is [a lomo | 
Pevasserie [2 [emerweniereis | | 
fetes [3 [omorestens 

XOR1 
ome erent 
[ovrswinne [a [emewrenne | 
[ernie fe [awernimer sts 
feces fa [ero id 
fais fe [awe 

SET! 
fo le eee | 

feowee fe [rm 


(to be continued) 


Bit manipulation 


oy 


(Cont'd) 


pfie 


S Z AC P/V CY 


Instruc- 
tion set 


ioc A 


lsaddr.bit | bit Hisaddr.bitheO bit)~<-0 


Cee eC ae a 
aoe [e [aviewo CCS 
CLRI\ 
Pome peed 
re ee 
NOT1 
ns ae 
PSWH. bit Em lene bit Pane 
A 
SC 
on fe ewe 


(SP-1)<-(PC+3) py, 
CALL laddr16 3. | (SP-2)<—(PC+3),, 
CALLF laddril 


PC~—-addr16,SP<-SP-2 
CALLT laddr5) | 
pe fe 
CALL 
em fe 


GD: 


Bit manipulation 


(SP-1)<-(PC+2)y), 
(SP-2)~-(PC+2)), 
PC15-11~-00001, 
PCi9-gs-addril1,SP<-SP-2 


(SP-1)-<=(PC#I) y, 
(SP-2)<-(PC#1) 

PCy (TPF 00000000, addr5+1), 
PC ~<—(TPF 00000000, addr5), 
SP<-SP-2 


Call/return 


(SP-1)~«—(PC+#2) 1), 
(SP-2)<—(PC#2)1, 
PCy—rply,PCi~—repl_,, 
SP<-SP-2 


(SP-1)~<-(PC#2) 4), 
(SP-2)~-(PC#2),~ 
PCys—(Crpl+l)-PC,~<-(rel), 
SP<—-SP-2 


(to be contir ed) 


(Cont'd) 


8 
bam Te ) 

oe Operand Byte Operation 

e= }8 2 a0 P/V oF 


(SP-1)<—PSWy, (SP-2)~<—PSW, 
(SP-3)<-(PC+I) py, 
(SP-4)~—(PC+1)), 
PC) (O03EH) PO (003FH) » 


RET PC) «~(SP) ,PCpre-(SP+1), 
SP“—SP+2 
PC, ~<- (SP) PC, (SP+1) 
RETB PSW, ~<-(SP+2) » PSWire- (SP +3) 
SP-SP +4 


PCL ~<—(SP) - PCype— (SP +1) 
PSW, ~<—(SP+2) , PSWpre— (SP +3) 
SP~—SP+4 


sfrp 3 (SP-1)<=-sfry (SP-2)~—sfry 
SP<-SP-2 
PUSH post {(SP-1)-posty, (SP-2)-<— 
post; -SP*-SP-2} x n times 
(SP-1)~<—-PSWy, (SP-2)~<—-PSW, 
SP<—-SP-2 
PUSHU post { (UP-1)<~posty,. (UP-2)<— 
post; -UP“-UP-2} x n times 
sfrp sfrj~<—(SP) sfrpre-(SP+1) 
SP<oSP +2 
{post;<-(SP).postpe-(SPtl), 
SP~-SP+2} x n times 
PSWL ~~ (SP). PSWpye-(SP+1), RR R R R 
SP<—SP+2 


POPU post {post,;<—-(UP), postpre-(UP+1), 
UP<-UP+2} x n times 
MOVW 


Call/return 


Stack manipulation 


pate Cal = eae Same 
Ea OA 
a OC 
| sp s - 


(to be continued) 


Remark: n in the stack manipulation instructions indicates the 


number of registers specified in post. 


es 


(Cont'd) 


28 
3 un . 

Se Operand Byte Operation 

c= S Z AC P/V CY 


CHKL -sfr (Pin level) ~~(Signal level 
before output buffer) 
A<{((Pin level) ~(Signal 

CHKLA sfr level before output 
buffer)} 


iat — oe pores eee 
Saddr16 Lee | PC<-PC+2+jdisp8 ‘ar 


Unconditional 


Saddr16 PC<—-PC+2+jdisp8 if CY=1 


5 

= ora cee 

few [a fren | 
ae [ener 

eon [o pweonm | 

ee ee 


bsaddri6 | | 2 |Poepcearidisp8 if Sel if S=1 


= eeadri6 ara fpoeporerisies it 50 


Saddri6 PC~—PC+3+jdisp8 
if (P/V*~‘S) VZ=0 


[ece =f Saddri6 = 2 ee ee if |PC-PC+3+jdisp8 if P/VWS=0 | —— 


branch 


Conditional 


pelt =f Saddri6 | 3 |PoePc+3+idisE if P/V-7S=) 


Saddr16 OP pivee ce 
(P/V-WS) V Z=1 
— Saddr16 3 PC*-PC+3+jdisp8 if ZVCY=0 


(to be cor: 


Vaal 


(Cont'd) 


pie 
Operand Byte Operation 
S Z AC P/V CY 


saddr.bit, PC<-PC+3t+jdisp8 
Saddr16 if (saddr. bit) =] 
sfr.bit, PC<—PC+4+jdisp8 
Seer if sfr.bit=1 


Instruc- 
tion set 


A. Een FA.bit-saddris| 3 | i if A.bit=1 


Xx. | x. bit-Saddri6 | saddri6 | 3 | | Poxpc+3+jdise8 if X.bitel | if X.bit=] 

PSWH. bit. PC<-PC+3+jdisp8 

Saddr16 if PSWy.bit=1 

PSWL. bit, PC<—PC+3+jdisp8 

Saddrl6 if PSW,.bit=1 

saddr.bit, ee ee 

Saddrl16 (saddr.bit)=0 

sfr.bit, PC<—-PC+4+jdisp8 

Saddr16 if ee ene bit=0 

A.bit,Saddri6 | 3 | PoxPC+3+idise8 if A.bit=0 | if A.bit=0 
BF 

X.bit,Saddr16 ree PC<—-PC+3+jdisp8 if X.bit=0 


PSWH. bit, 3 | PC-PC+3+jdisp8 
Saddr16 if PSWy.bit=0 


branch 


Conditional 


PSWL.bit, 3 | PC<-PC+3+jdisp8 
Saddr16 if PSW.bit=0 


PC~-PC+4+jdisp8 
if (saddr.bit)=1 
then reset (saddr.bit) 


saddr.bit, 
Saddr16 


PC<—PC+4+jdisp8 
if sfr.bit=! 
then reset sfr.bit 


jasieesgris | 3 | PC~—-PC+3+jdisp8 if A.bit=1 

then reset A.bit 

BTCLR 

xoreseaarie | 3 PC<—-PC+3+jdisp8 if X.bit=1 
then reset X.bit 


PSWH. bit. PC<-PC+3+idisp8 
Saddri6 if PSWy.bit=1 
then reset PSW.bit 


sfr.bit, 
Saddr16 


PC<—PC+3+jdisp8 
if PSW..bit=1 
then reset PSW .bit 


PSWL bit. 
Saddri6 


a 


(Cont'd) 


3 
sw 

ae Operand Byte Operation 

c= S Z AC P/V CY 


branch 


PC<—PC+3+jdisp8 
if PSWy.bit=0 
then set PSW.bit 


PSWH. bit, 
Saddri6 


PC<—PC+3+jdisp8 
if PSW,.bit=0 
then set PSW .bit 


PSWL. bit, 
Saddr16 


r2,Saddrl6 
saddr,Saddr16 3 


Conditional 


saddr.bit, PC<—PC+4+jdisp8 

Saddr16 if (saddr.bit)=0 
then set (saddr.bit) 

i PC<-PC+4+jdisp8 

=e if sfr.bit=0 
then set sfr.bit 
then set A.bit 

BFSET 
xpievsaddrte | 3 | PC<-PC+3+jdisp8 if X.bit=0 re 

then set X.bit 


r2<—r2-~] ’ 
then PC<-PC+2+jdisp8& 
if r2#40 


(saddr)<-(saddr)-l, 
then PC<PC+3+jdisp8 
if (saddr)#0 


© | BRKCS R6<—PSW, , RBS2-0<—n, RSS<-0, 
s {E~—0 

3 PCy-R5-PC_~-R4.R5- 

» | RETCS laddr16 R4<—addr16,PSWe-RT7. 

* PSW, ~-R6 

x 

@o 

c PCpre—-R5- PC) <—-R4,R5. 

& | RETCSB | !addri6 R4<—addr16/PSWp—R7. 


PSW,~<-R6 


(to be continues) 


7O 


(Cont'd) 


pri 
Operand Byte Operation 
S 5 2 ac PIV ov AC P/V CY 


Fipes.a | A | (DEH) -A,Ce-C-1 End if C=O | C<-C-1 End if C=0 


MOVM 
re (DE-D=A,OO-T End if CoO 
(DE+)~—(HL+) -C<—-C-1 
San{ eee] 
MOVBK 
Behe 
End if C=0 


[ i od 
o oO 
a4 
= 

-” Cc 
no 
c- 
—_— + 


ee A (DE+)~—>A,C<-C-1 End if C=0 


P(OE-1A 1,A (DE-)~—>A,C«-C-1 End if C=0 Po 
([DE+), (HL+ (DE+)<—> (HL+) ,C<-C-1 
a Clare 
XCHBK 
{DE-), {HL-] (DE-)~—>(HL-) .C<—-C-1 
End if C=0 


XCHM 


[DE+],A 2 (DE+) -A, C<-C-1 xx x V x 
End if C=O or Z=0 
CMPME 
{DE-],A (DE-)-A,C<-C-1 xx x Vx 
End if C=0 or Z=0 
(DE+], [HL+] 2 (DE+) - (HL+) -C<—C-1 xx x Vx 
End if C=O or Z=0 
CMPBKE 
(DE-}, [HL-]} 2 (DE-)~ CHL-) ,C<-C-1 xx x V x 
End if C=O or Z=0 
[DE+],A 2 (DE+)-A,C«-C-1 xx x Vx 
End if C=0 or Z=] 
CMPMNE 
[DE-],A 2 (DE-)-A,C«-C-1 xx x Vx 
End if C=O or Z=] 
x x x Vx 


End if C=0 or Z=1 
CMPBKNE 
End if C=O or Z=1 
End if C=0 or CY=0 
CMPMC 
[DE-1,A 2 (DE-)-A, C<—-C-] 
; End if C=0 or CY=0 


x 
< 
< 
bad 


*” 


(to be cont: 7.27) 


af 


(Cont'd) 


28 
b> a) 

De Operand Byte Operation 

ao 

e- S ZAC P/V CY 


(DE+)-(HL+) ,C<—C-1 
(DE +] (HL+] ae if C=0 or CY=0 pisos) 
CMPBKC 
: ; (DE-)=(HL-) ,C—C-1 
[DE-), [HL-) Ese a ar eNom 


(DE+)-A, C—C-1 
e ([DE+] +A Lae | End if C=O or CY=1 RoR MK 
= | cMPMNC 
2 (DE-)-A,C#-C-1 au soe 
End if C=O or CY=] 
(DE+)-(HL+) ,C—C-1 
(DE+]. (HL+) ae) End if C=0 or CY=} x x x V x 
CMPBKNC = 
; (DE-)-(HL-) , C-C-1 
(DE~1, (HL-) Pe Para ae es, Wit ag 
STBC, tbyte ae il STBC<by te (x) Sa 
MOV 
WOM, tbyte ae | WOM<—by te (xk) Pe 
7 oe re a 
ee leer 2 
8 | set 
= RBn, ALT oe | RSS<-1,RBS2-0<=n hoe oe] 
Q 
oO 


Fa ee Cor 


*x An op-code trap interrupt occurs if an invalid op-code is 


specified in an STBC or WOM register manipulation instruction. 


Trap operation: (SP-1)~—-PSW,,, (SP-2)<—PSW, - 
(SP-3)~—(PC-4) 4), (SP-4)~—(PC-4)) , 
PC, ~—(003CH) »-PC)~«—(003DH) . 
SP~<-SP-4, | E<—-0 
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10. ELECTRICAL CHARACTERISTICS 


Absolute maximum ratings Es = 25°C) 


a a 1 ET 


Low-level output 
current 
. fee 


Recommended operating conditions 


8 MHz < Fyy < 25 MH2 -10 to +70°C +5.0 V +10% 


Capacitance CT, = 25°C, Vss = Vop = 0 V) 


High-level output 
current 


OV on pins other than 


Output capacitance measured pins 
1/0 capacitance ; 


TL 


DC characteristics 


(T, = -10 to +70°C, Vop = +5.0 V 410%, Veg = 0 V) 


Item | Symbol | | condition J unit, 


Low-level input 
voltage 


High-level input ee = ee 


voltage 

Coe (x2) 0.8 Vop et 
Low-level output = 2.0 mA 0.45 
voltage 


voltage ae ii “ = Se Ba 
voltage 

Input leakage hy OVsV, € Yop +10 uA 
current 

Output leakage € Vop +10 

current 


| ipo: | Oreration mode mode 


Vop supply current 


voltage 


lopoR STOP 
mode Vopor - uA 
5.0 V +10% 


Ht 


Data retention 
current 


x | Other than pins in <2. 


x2 RESET. X1, X2, P20/NMI, P21/INTPO, P22/1NTP1, P23/INTP2. 
P24/INTP3, P25/TI. 


BT 


AC characteristics (T, = -10 to +70°C, Vop = +5.0 V 410%, 
Voss =O0OV. Cy = 100 pF, fy = 25 MHz) 


Read/write operation (when the general memory is connected) 


ee 
[etn veo weiss idem | neo] wo | wf 
eran sme wonton pis | | 
eres weie tne weve) tse | | 
Ts vsvass vine me mm | | 
esr vests nt te [ tow | 
ster = RF weey ved tos | | 
Pore tet ee |) 
Dt + address active time l tye | | ee || ne | 
stevie vies fem | | 
Rie sate wee tine | tw | 
[si e= Weer em (ww | i | 
Poe sete tne we | som | | 
[osteo tine wed | 
teres vem ptm | Pd 
[ait ser tne oon swe | |) | 
Tea oe wee co on eer [tw |e | | 


a 


a 


S/ 


toyn~dependent bus timing definition 


Ee 


Remarks 1. T = teye = '/fork fern is the internal system clock 
frequency.) 
2. When an address wait is inserted, the value of a is 
1. Otherwise, it is O. 
3. The number n represents the number of wait cycles 
specified by the external wait pin (WATT) or PWC 
register. 


“Ae; Only the bus timing items listed above are dependent 


on toykK zi 


$2 


Other operations 
(Te = -10 to +70°C., Vop = +5.0 V +10%., Vsgs = 0 V) 


a ee } Symbol | | Condition | uni | 


high/low leve! width tWNIH 
WNIL 

INTPO high/low level width twiou ns 
TWIOL 

INTP1 high/low ltevel width twitH ns 
twit 

INTP2 high/low level width twieH ns 
twiae 


INTP3 high/low level width twi3H 


twi3L 


RESET high/iow tevel width twrsH 2.5 
TWRSL 

Tl high/low level width twriH ns 
tWTIL 


3 


Other toyx~dependent operations 


Ce a ee ee 
i a re Soe 
ES ee aes ee 
file ee OS 
Ce ar eee i 
ee a ee oe Ee 
Ere Lee 2 ca eC 
ee a ie Se es 
re ee eee ae ee 
Oe Pe 


Remarks |}. T = teyk = \/fork (fork is the internal system clock 


frequency.) 


2: Besides the bus timing items, only the items listed 


above are dependent on tovK: 


BY 


AC timing test points: 


0.8 Vop. or 2.2 eo << 0.8 Vop or 2.2 V 
0.8V points 0.8V 


OV 


Read operation: 


AB-A15 \ ; \yt Higher order 
Higher order byte address Fe byte address 


(output) Ls 
Lower order byte HieZ 
address (output) 


ADO-AD7 ____Hi-2 Lower order byte ; 
(input/ OS™ Sh address (output) Data (input) 
output) ee 
ASTB in 
Coutput) — 
RD ; = 


eae = 
tosre 
tomo tons 


tsawr 
WAIT 
Cinput) 


tuawr 


pie 


Write operation: 


(CLK) 
A8-A15 \¥ : \/ Higher d 
(output) > Higher order byte address X bees dar cee 


tsasr 


input? ee se ESL ABYE KGnderineg Data (output) 9 
output) 
twsre tuwoo 
(output) 
WP. a= 


(output) 


tostw 


towoo tsoow 


wwe 


Interrupt input timing: 


NMI 


INTPn 


0 to 3 


Remark: on 


3G 


Reset input timing: 


Tl pin input timing: 


trim tore 


$7 


11. PACKAGE DIMENSION 


64-pin plastic QFP (14 x 14) (Units: 


17.6404 


17.6*°4 


1.0 


2.7 


SE ER, on 
BRURDRUAURREAEDARRIEORIY, _|se¢ 
OAURORUROREGORE [\ re 


SE 


mm) 


3.0 MAX. 


Detail of pin lead 


0.1 0.1 


0 1 10.1 


P64GC -80-3BE 


12. RECOMMENDED SOLDERING CONDITIONS 


The following conditions (see table below) shall be met when 


soldering this product. 


Please consu!t with our sales offices in case other soldering 
process is used. or in case soldering is done under different 


conditions. 


Table 12-1 Recommended Soldering Conditions 


, IR30-107 
VP15-107 


Partial heating 
method 


uPD78350GC-3BE 64-pin plastic QFP 


7 


1R30-107 
VP15-107 


Partial 
heating 
method . 


*x Exposure 
opened. 


Storage 


Caution: 


Remark: 


Table 12-2 Soldering Conditions 


eolseriag Soldering conditions 
process 
Infrared Peak package's surface temperature: 230°C or beiow 
ray Reflow time: 30 seconds or below (210°C or higher) 
reflow Number of reflow processes: 1 

Exposure limit(*): 7 days (10-hour pre-baking 

is required at 125°C afterwards.) 


Peak package's surface temperature: 215°C or below 
Reflow time: 40 seconds or below (200°C or higher) 
Number of reflow processes: | 

Exposure limit(*): 7 days (10-hour pre-baking 

is required at 125°C afterwards.) 


Terminal Terminal temperature: 300°C or below 
to be Fiow time: 10 seconds or below 
heated 


limit before soldering after dry-pack package is 


conditions: 25°C and relative humidity at 65% or less. 


Do not apply two or more different soidering methods to 
one chip (except for partial heating method for 


terminal sections). 


For details of the recommended soldering conditions for 


surface mount type products, refer to our document “SMT 
MANUAL" (IE1-1207). 


a 
S 


APPENDIX A DIFFERENCE BETWEEN uPD78350 AND uPD78322 


al uPD78350 uPD78322 uPD78320 


Number of 
basic 
instructions 


Minimum 160 ns (when internal | 250 ns (when internal clock opesates 


instruction clock operates at at 8 MHz or when external clock 
execution 12.5 MHz or when operates at 16 MHz) 
time external clock ope- 


rates at 25.0 MH2) 


1 WE 


640 x 8 bits 


Internal 
memory 


Memory space 64K bytes 


1/0 
Output 


16-bit timers/ 
counters: 3 


18/16-bit free running timer: 


Real=tine 16-bit timer/event counter: 


1 

| 

pulse unit 16-bit capture 16-bit compare registers: 6 
(Capture/ registers: 2 18-bit capture registers: 4 
timer unit) 16-bit compare 18-bit capture/compare registers: 2 
registers: Real-time output ports: 8 


Serial interface with dedi- 
cated baud rate generator: 2 channels 


Serial 


intartece UART: 1 channel 
Clock synchronous serial 
interface/SBI: 1 channel 


converter 


(to be continued) 


Rae) 


Interrupt 


Instruction 
set 


Other 
specifica- 
tions 


Package 


(Cont'd) 


uPD78350 : uPD78322 uPD78320 


External: 5, . External: 8, internal: 13 
internal: 4 . 3-level programmable priority 
4-level program- 

mable priority 


Three processing modes: Vectored interrupt function. macro 
service function. and context switching function * 


Sum-of-products Much more instructions are added as 
instruction is added compared with the uPD78310 and uPD78312. 
as compared with the 

uP078320 and 

uPD78322. 


Watchdog timer: Provided 
Standby function (STOP/HALT) 


Can directly be connected to the. 
access manager (TAM /!: uPD71P301). 


64-pin plastic QFP |. 68-pin PLCC 
(14 x 14 mm) . T4-pin plastic QFP (20 x 20 mm) 


G2 , 


APPENDIX B- TOOLS 


The following tools are provided for.developing a system that 
uses the uPD78350: 


In-circuit emulator for developing and debugging the 
application system. For debugging. connect the emulator 
to the host machine. 

Since object files can be transferred between them and 
symbolic debugging can be performed, it enables effective 
debugging results. 

IE-78350-R has two channels of RS~232-C seria! interfaces 
so that it can be connected to the PROM programmer such 
as PG-1500. The IE~78350-R also has the Centronics 
interface so that files in the object/symbol/debugging 
environment can be downloaded at high speed. 


|E-78350-R (x) 


Hardware 


(x) 
1E-78350-R-EM1 


Emulation board for emulating the peripheral hardware 
such as the !/O port of the uPD78350. 


Emulation probe for connecting the IE-78350-R to the user 
system. Use it with the IE-78350-R-EM!. 


= [me 
™ 3.5-inch 2HD uSSAI31E78350 
PC-9800 series MS-DOS 


EP-78240GC-R 


Order code 


tE-78350-R (part no.) 


control 
program 

CIE- 
controfter) (x) 


S-inch | S-inch 24D | uSSAIO1E78350 


IBM PC series PC pos ™ 5-inch 2HC 


Host machine 


5-inch 2HD uS5AIORAT8K3 
IBM PC series PC DOS uS7B11RA78K3 


x Under development 


uSTBIOIE78350 


Software 


Order code 
(part no.) 


T8K/II1 series 
relocatable 
assembler 


uSSA13RAT8K3 


Remark: Operations of each software are guaranteed only on tne 


host machine and by the OS mentioned above. 


G3 


The following evaluation tools are provided for evaluating the 
function of the uPD78350: 


When the evaluation too! is connected to 
EB-78350-98 the host machine (PC-9800 series or IBM PC 
(applicable for series). the function of the uPD78350 can 
PC-9800 series) easily be evaluated. 


or As the command system of these products 

EB-78350-PC conforms to that of the IE-78350-R. the 

(applicable for migration can easily be made to the 

1BM PC series) development of the application system 
with the IE-78350-R. 


Caution: These products are not tools for the application system 
that uses the uPD78350. 


ve 


Sb 


In-circuit emulator 


Emulation probe 


IE-78350-R 
IE-783S0-R-EM1 


Host machine 
PC-9800 Series/ 
(BM PC Series 


EP-78240GC-R User system 


Centronics 
Interface 


Relocatable 
assembler 


S|[OO0} jJUBWdO|eASBP jo volzyeanBiyuoy 
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